One of the most critical aspects in the preparation of single-walled carbon nanotubes (SWCNTs)/ conducting polymer hybrid electrodes is to improve the energy density without seriously deteriorating their high power capability. Here, we report a ''skeleton/skin'' strategy for the preparation of freestanding, thin and flexible SWCNT/polyaniline (PANI) hybrid films by a simple in situ electrochemical polymerization method using directly grown SWCNT films with a continuous reticulate structure as template. In situ electrochemical polymerization can achieve effective deposition of PANI onto the surface of SWCNT bundles in the films and control the morphology and microstructure of the SWCNT/PANI hybrid films. In a SWCNT/PANI hybrid film, the directly grown SWCNT film with continuous reticulate architecture acts as the skeleton and PANI layers act as the skin. This unique continuous ''skeleton/skin'' structure ensures that these hybrid films have much higher conductivity compared to SWCNT/PANI composite films based on post-deposition SWCNT films. Flexible supercapacitors have been fabricated using the SWCNT/PANI hybrid films as both electrodes and charge collectors without metallic current collectors. High energy and power densities (131 W h kg À1 and 62.5 kW kg À1 , respectively) have been achieved for the optimized assembly. The high electrical conductivity and flexibility, in combination with continuous porous architecture, suggests that the asprepared ultrathin free-standing SWCNT/PANI hybrid films have significant potential as promising electrode materials for thin, lightweight and flexible energy storage devices with high performance. 
Introduction
Supercapacitors, also known as electrochemical capacitors, have attracted a lot of attention because of their high power and energy density as well as long cycle life. [1] [2] [3] [4] As energy storage devices, supercapacitors can be applied to many fields, such as electric vehicles, pulsed power applications and portable devices.
2 For such applications, it is extremely important to develop supercapacitors with both higher power density and higher energy density than those currently available. The performance characteristics of supercapacitor devices are fundamentally determined by the structures and electrochemical properties of electrode materials. Carbon-based materials are widely used as supercapacitor electrodes because of their desirable physical and chemical properties.
3,5-7 Among these carbonbased materials, single-walled carbon nanotubes (SWCNTs) have attracted a great deal of attention owing to their high conductivity, low mass density, large specific surface area and high mechanical strength. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Pure SWCNT film-based supercapacitor electrodes are usually regarded as a competitive material for high-power electrodes because of their good electrical conductivity and readily accessible surface area. 11, 14, 15 However, the specific surface area of the pure SWCNT filmbased electrodes is generally low because SWCNTs exist in the form of bundles, leading to a low energy density. 3, 23 Much effort has gone into improving the energy density of SWCNT-based electrodes, such as adding conducting polymers into SWCNTbased electrodes. 17, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] The SWCNT/conducting polymer electrodes display high energy density due to pseudocapacitance originating from the conducting polymer, but, their power density is dramatically reduced in comparison to the pure SWCNT-based electrodes, due to the poor electrical conductivity of conducting polymers. Therefore, one of the most critical aspects in the development of SWCNT/conducting polymer supercapacitors is to optimize the energy density without deteriorating their high power capability, as these two parameters determine the ultimate performance of the supercapacitors.
Polyaniline (PANI) is considered to be one of the most promising electrode materials because of its relatively high conductivity and lower cost compared to many other conducting polymers.
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Recently, significant research efforts have focused on preparation of CNT/PANI composites, wherein the PANI is coated onto the surface of CNTs or bundles of CNTs in the form of powders or films by various approaches, such as electropolymerization and chemical oxidation polymerization. [29] [30] [31] [32] 41 Electrodes based on SWCNT/PANI powders have usually been achieved by pressing the composites into tablets or by mixing SWCNT/PANI composite with conductive binders and coating it onto collector electrodes. 17, 42, 43 In these electrodes, the connections between SWCNT/PANI nanowires or nanorods overlap with the PANI-PANI contact. Compared to SWCNT-SWCNT contact, the overlapped PANI-PANI contact has a higher sheet resistance, leading to a lower power density of such SWCNT/PANI composite electrodes. Besides, the brittle mechanical nature of SWCNT/PANI composite electrodes hinders their practical applications. For the electrodes of mixed SWCNT/PANI composites and binders, the addition of binders degraded the electrical and electrochemical properties of SWCNT/PANI electrodes.
3 These SWCNT/PANI composite electrodes cannot meet the future demands of supercapacitors, which are required to be thin, lightweight, cheap and flexible. Several groups have investigated the fabrication of flexible CNT/PANI films by different methods with the assistance of CNT film templates. 30, 31, 41 For instance, Fan et al. reported that the free-standing CNT/PANI film can be achieved by chemical oxidation polymerization using CNT Bucky paper and freestanding CNT networks with randomly entangled individual CNTs and CNT bundles as template. 31, 41 They assembled all-solid-state paperlike polymer ($30 mm in thickness for either electrode component) supercapacitors with high specific capacitance. 41 Sun et al. demonstrated the preparation of free-standing CNT/PANI film by electropolymerization using CNT Bucky paper as template.
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However, the conductivity of these free-standing CNT/PANI films was generally lower than 150 S cm
À1
. 30, 31 In other words, although the energy densities of these free-standing CNT/PANI films was improved due to pseudocapacitance originating from PANI, the power densities of these free-standing CNT/PANI film electrodes was generally lower than 2.2 kW kg
. 31, 41 Furthermore, the thickness of CNT/PANI film is still tens of micrometers. Therefore, fabricating large-area, thin, lightweight and flexible SWCNT/PANI composite film electrodes with high conductivity would satiate a large demand. Here, we report a ''skeleton/skin'' strategy to prepare thin and flexible SWCNT/PANI hybrid films with high conductivity, in which directly grown SWCNT film with continuous reticulate architecture acts as the skeleton and PANI acts as the skin. Thin, lightweight and flexible supercapacitors have been fabricated using as-prepared SWCNT/PANI hybrid films as both electrodes and charge collectors without metallic current collectors. Excellent performance in terms of high energy and power densities has been achieved.
Experimental Preparation of SWCNT/PANI hybrid films
The SWCNT films used as template to electrodeposit PANI were directly prepared by a floating chemical vapor deposition method, as reported previously. 45 Electrodeposition of PANI was performed in a traditional three-electrode cell, in which a platinum plate, a saturated Calomel electrode (SCE) and a SWCNT film were used as the counter, reference and working electrodes, respectively, as shown in Fig. 1a . PANI was electrodeposited at a constant current of 1 mA cm À2 versus SCE in an electrolyte of 0.5 M H 2 SO 4 , 0.5 M Na 2 SO 4 and 0.05 M aniline. All chemicals were analytical grade. The electrodeposition was carried out at room temperature.
Preparation of supercapacitors based on SWCNT/PANI hybrid films
The freestanding hybrid films were cut into the desired shape and mass as supercapacitor electrodes. To calculate and compare specific capacitance conveniently, each SWCNT/PANI film supercapacitor electrode for CV and charge/discharge measurements has same mass (10 mg). 
Characterization
Cyclic voltammetry (CV) of the SWCNT/PANI hybrid film supercapacitors was measured by CHI 660C (CHI Instruments). The galvanostatic charge-discharge of the SWCNT film supercapacitors at a high operation voltage range (0 to 2.0 V) was carried out on a supercapacitor test system (BT2000 Arbin). The morphology and microstructure of the SWCNT films or SWCNT/PANI hybrid films were characterized by scanning electron microscopy (SEM, Hitachi S-5200) and transmission electron microscopy (TEM, JEOL JEM-2010). The thickness of the SWCNT films and the SWCNT/PANI hybrid films was measured by atomic force microscopy (AFM, DimensionÒ IconÒ) with the NanoScope V Controller. The Raman spectra were recorded with a spectrophotometer (WITec alpha 300 R) with operating wavelengths of 633 and 532 nm. FTIR spectra were recorded on a FT-IR system (Perkin Elmer).
Results and discussion
In situ electrochemical polymerization is an effective process to deposit PANI onto templates. It can sensitively adjust the morphology and microstructure of the PANI according to the template. In situ electrochemical polymerization of PANI was generally performed in a traditional three-electrode cell, as depicted in Fig. 1a . Here, we used free-standing directly grown SWCNT films as a template to prepare SWCNT/PANI hybrid films because of their high conductivity and unique structure. Free-standing directly grown SWCNT films possess homogeneity in about 50 cm 2 ( Fig. 1b) , which provides an opportunity to tailor such SWCNT films into any desired shape as a template to electrodeposit PANI in accordance with the device requirement. Besides, the directly grown SWCNT film is highly conductive with a very low sheet resistance in the range of 5-50 Ohm per square for the film thickness from 500 to 100 nm. This indicates that directly grown SWCNT films would be a good candidate as a template to deposit PANI. However, since the free-standing directly grown SWCNT films are thin (less than several hundred nanometers) and easily aggregated in electrolyte, they cannot be used directly as templates to deposit PANI. To overcome this problem, we spread out and fixed the film onto a holder with a hole (Fig. 1a) , such that two sides of the film were in direct contact with the electrolyte. Although the directly grown SWCNT films are thin, these free-standing SWCNT films exhibits a high tensile strength of 360 MPa, which is 30 times higher than that of a typical bulky paper. 44, 45 Good strength and toughness ensure that the SWCNT films can be easily handled and can maintain its structure and integrity during the electrodeposition process, and act like a skeleton to support the deposited PANI layers. The SEM image of a SWCNT film (Fig. 1c) shows a nanoporous architecture without visible impurities, which would be of great significance for its use as a template to deposit PANI. The thinness and porous structure of the SWCNT films enable aniline molecules to infiltrate into the porous films easily and deposit onto the walls of SWCNT bundles more efficiently. Fig. 1d displays a typical SEM image of single layer SWCNT bundles peeling off from a thick film. It clearly illustrates that the SWCNT bundles in the film are firmly connected with each other and form a continuous 2D reticulate structure in the plane parallel to the surface of the film. This unique architecture plays a key role in the higher strength and conductivity of the directly grown SWCNT films in comparison with other post-deposited CNT films, such as Bucky papers, 44 which have short and randomly oriented CNTs. A TEM image of a SWCNT junction in a directly grown film (Fig. 1e) shows that the connection between SWCNTs in a single layer of SWCNT bundle network is continuous, interconnected, and not overlapping. This unique reticulate architecture has an advantage in transporting electrons over a large area. The electrodeposited PANI layer is coated on the surface of the SWCNT bundles with continuous reticulate architecture, maintaining the continuous reticulate architecture and thereby ensuring that the electrons are readily transported throughout the network, via the 'skeleton/skin' configuration as shown in Fig. 1f and 2a . The PANI layer, 'skin', on the surface of SWCNT bundles is also continuous, as shown in Fig. 1f and 2a . It replicates the reticulate structure of SWCNT bundles, which is helpful for electron transport. The junctions in the reticulate structure remain continuous, as marked by circles in Fig. 1g . In the normal direction of film, the continuous reticulate SWCNT bundles overlap to form the film. Since the surface of SWCNT bundles in the reticulate architecture is almost free of impurities (Fig. 1e) , neighboring continuous reticulate SWCNT bundles are well-contacted by SWCNT-SWCNT surface contact due to van der Waals binding energy. After depositing the PANI layer, the PANI can also be well coated onto the surface of the junction, as marked by rectangle in Fig. 1g . Therefore, in the SWCNT/PANI hybrid film, the directly grown SWCNT film, i.e. the 'skeleton', could remain its original structure and the PANI layer, i.e., the 'skin', was uniform and continuously coated onto the surface of the SWCNT bundles in both parallel and normal direction of the film plane, forming a continuous 'skeleton/skin' structure. This structure is different from the conventional electrodes based on SWCNT/PANI powder and the SWCNT/PANI films based on post-deposited SWCNT films. For the SWCNT/PANI powder electrodes, first the PANI powder completely coated the individual SWCNT bundles, then the SWCNT/PANI powder was pressed into tablets to form electrodes. In the tablets, the connections between SWCNT bundles coated with a PANI layer is overlapped by PANI-PANI contacts and not continuous, as depicted in Fig. 2b . Hence, in the case of SWCNT/ PANI powder electrodes, electrons have to be transported through the overlapped PANI-PANI contact between SWCNT/ PANI bundles (depicted in Fig. 2d ). For the SWCNT/PANI films based on post-deposited SWCNT films, the post-deposited SWCNT films have a short and random-oriented structure, which is different from directly grown SWCNT films.
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Besides, the surface of the SWCNT bundles in the post-deposited SWCNT film was generally coated by some molecular species used for making SWCNT suspensions. The molecular species would block the direct contact between SWCNT bundles and PANI layer and lead to relatively high contact resistance. In contrast, for our SWCNT/PANI hybrid films, electrons could be continuously transported through reticulate ''skeleton/skin'' architecture, i.e., the continuous SWCNT/PANI network, in which interbundle junctions and continuous connection ensure low resistance. Therefore, the conductivity of SWCNT/PANI films with a continuous ''skeleton/skin'' structure is much higher than that of SWCNT/PANI electrodes with overlapped PANI-PANI contact.
While the continuous SWCNT network in the SWCNT/PANI hybrid films is useful for transporting electrons and reducing the resistance, the deposition of PANI still affects the sheet resistance of the SWCNT/PANI hybrid films. The sheet resistance of the SWCNT/PANI hybrid films is increased with increasing PANI deposition time, as shown in Fig. 2e . Although the sheet resistance of the SWCNT/PANI hybrid film with 40 s PANI deposition time is about twice as high as that of the pure directly grown SWCNT film, its conductivity reaches about 1138 S cm À1 , which is approximately 30 times higher than that reported for SWCNT/PANI hybrid films based on post-deposition SWCNT films (20-35 S cm À1 ), 30 and even higher than some pure SWCNT films prepared by post-deposited methods (733 S cm
À1
). 44 The high conductivity of SWCNT/PANI hybrid films is attributed to the unique continuous ''skeleton/skin'' architecture, as discussed above. Since the thickness of SWCNT/PANI hybrid films is mainly dependent on the original SWCNT film template (about several hundred nanometers), which could be controlled by growth time, the thickness of SWCNT/PANI hybrid film is controllable and a thin free-standing SWCNT/PANI hybrid film can be achieved. However, for the SWCNT/PANI powder electrodes, because they were generally obtained by pressing the composites into tablets or mixing SWCNT/PANI composite with conductive binders and coating it onto collector electrodes, it is hard to obtain thin free-standing SWCNT/PANI hybrid electrodes. In addition, for the SWCNT/PANI film electrodes based on post-deposited SWCNT films, it is also difficult to obtain thin free-standing SWCNT/PANI film electrodes, due to the difficulty in obtaining thin free-standing post-deposited SWCNT films. Fig. 1h is an optical image of a SWCNT/PANI hybrid film of about 240 nm in thickness. Furthermore, the films can be bent, rolled up and even twisted without cracking. Good mechanical properties, thinness and a porous structure make them suitable for application in flexible energy storage devices.
During the electrodeposition of PANI onto the directly grown SWCNT films, the PANI is continuously coated onto the surface of SWCNT bundles in the film. Thus, the content of PANI on the surface of SWCNT bundles would be increased with an increase in the PANI deposition time. Raman spectroscopy was used to characterize the change in the PANI content in the hybrid films, as shown in Fig. 2f and g. To compare the relative change of peak intensities in Fig. 2f and g, the peaks at about 1590 cm À1 corresponding to G band of SWCNTs were normalized to 1. In Fig. 2f , the peaks ascribed to PANI were observed at about 425/ 518 cm À1 (C-C out-of-plane deformation), 804/867 cm À1 (outof-plane C-H motion), 1165 cm À1 (C-H bending), 1239 cm
(nC-N benzene diamine units) 1338 cm À1 (nC-N + ) and 1492 cm À1 (nC]N), indicating the formation of PANI onto the SWCNT films. 25 Besides, it is clear that in Fig. 2f the relative intensities of peaks ascribed to PANI, such as 1165 cm
, increased with the increase in PANI deposition time. This indicates that more and more PANI was electrodeposited onto the SWCNT film with the increase in PANI deposition time. Raman spectra at operating wavelength l ¼ 532 nm is similar to that at l ¼ 633 nm (Fig. 2g) . The peaks ascribed to PANI were observed and their relative intensities also increased with the increase in PANI deposition time. The conclusions derived from Raman spectroscopy were corroborated by FTIR spectroscopy (Fig. 2h) . The significant increase in the intensity of adsorption bands corresponding to PANI (1095 cm À1 due to nC-N + ]C, 1244 cm À1 due to nC-N + , and 1302 cm À1 due to nC-N, 1486 cm À1 due to nC-C in benzenoid rings, 1570 cm À1 due to nC-C in quinoid rings) indicated the formation of PANI on the SWCNT film and that more and more PANI was electrodeposited onto the SWCNT film with the increase in PANI deposition time.
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During the electrodeposition of PANI, the diameter of the SWCNT bundles coated by PANI increased. The pores were filled with the increase in PANI deposition time, as shown in Fig. 3 . From Fig. 3 , it can be seen that, when the deposition time is less than 30 s (Fig. 3d) , the porous structure of the SWCNT/ PANI hybrid film could be maintained. This is significant for the diffusion of electrolyte into the SWCNT/PANI hybrid film. However, when the deposition time was increased to 40 s, some pores of the film were filled (Fig. 3e) . Finally, at 50 s, all the pores were almost filled and the porous structure disappeared, as shown in Fig. 3f . Fig. 4 shows the TEM images of SWCNT bundles and SWCNT bundles coated with PANI layers formed with different deposition times. The wall of the pure SWCNT bundle is clean, as shown in Fig. 4a . During electrodeposition, the PANI could effectively coat the surface of the SWCNT bundles, as shown in Fig. 4b-d , which is consistent with the SEM results. With an increase in the PANI deposition time, the thickness of PANI layer on the surface of SWCNT bundle was increased and uniform ( Fig. 4b-d) .
In situ electrochemical polymerization realized the effective deposition of PANI onto the surface of SWCNT bundles in the film and controlled the morphology and microstructure of the SWCNT/PANI hybrid film, forming a continuous and porous ''skeleton/skin'' architecture and offering a good compromise between pore density and amount of PANI. Continuous ''skeleton/skin'' architecture ensures that the SWCNT/PANI hybrid films possess high conductivity. Moreover, thin SWCNT/PANI hybrid films remain free-standing and can be bent, rolled up and even twisted without cracking. As a promising carbon material for flexible supercapacitors, 50-56 the as-prepared thin SWCNT/ PANI hybrid films, which combine high conductivity from SWCNT films and the pseudocapacitance from PANI, are suitable for the electrodes of flexible supercapacitors, in which neither an insulating binder nor a low capacitance conducting additive is required.
As a proof-of-concept, we constructed and measured the performance of two-electrode symmetrical flexible supercapacitors based on the thin free-standing SWCNT/PANI hybrid films. Fig. 5a is the schematic diagram of a flexible SWCNT/ PANI hybrid film supercapacitor. The separator and electrolyte were sandwiched by the SWCNT/PANI hybrid films on the PET substrates. The SWCNT/PANI hybrid films were directly used as both electrodes and charge collectors to prepare supercapacitors, simplifying the architecture and reducing the weight. The inset in Fig. 5a is an optical image of a flexible SWCNT/PANI hybrid film supercapacitor.
The electrochemical characterization of supercapacitors based on the pure SWCNT film and SWCNT/PANI hybrid films were investigated by CVs (Fig. 5b) . The CV of supercapacitor based on the pure SWCNT film shows a typical rectangular shape, suggesting that it is an electrochemical double-layer capacitor, which is similar to the results obtained from other pure SWCNTbased supercapacitors. 15 The specific capacitance of pure SWCNT film-based supercapacitors is only about 23.5 F g À1 . However, the CV curve area of the SWCNT/PANI hybrid film is much larger than that of the pure SWCNT film, which indicates that the specific capacitance of the SWCNT/PANI hybrid film is much higher than that of the pure SWCNT film, owing to its additional pseudocapacitance. The CV curve area of SWCNT/ PANI hybrid film with 30 s deposition time is higher than that of other SWCNT/PANI hybrid films, demonstrating that the corresponding specific capacitance of the SWCNT/PANI hybrid film with 30 s deposition time is optimal. Fig. 5c shows the CV curves of a representative SWCNT/PANI optimized hybrid film (30 s) supercapacitor at different scan rates. It can be seen that CVs of the supercapacitor keep their shape within a selected range of potential and even at a high scan rate of 500 mV s À1 , indicating that the SWCNT/PANI hybrid films have very rapid current response on voltage reversal.
For supercapacitors based on organic electrolyte, 2 V is generally used as the applied voltage to guarantee both wide electrochemical window and stable electrochemical performance. So, the charge-discharge curves of the SWCNT/PANI hybrid film supercapacitor cycled between 0 and 2.0 V at a constant current density of 10 A g À1 are measured, as shown in Fig. 5d .
The shape of charge-discharge curves of SWCNT/PANI hybrid film supercapacitors is similar to the reported results. 31 The discharge curves were not an ideal straight line, indicating the process of a faradic reaction.
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The specific capacitances C spe of supercapacitor devices were calculated from constant current charge-discharge curves using the following equation
where I is the discharge current, dV/dt represents the slope of the discharge curve and m is the total mass of the SWCNT/PANI hybrid films on both electrodes. Fig. 5e shows the calculated specific capacitances of supercapacitors using SWCNT/PANI hybrid films under different PANI deposition times as electrodes. The specific capacitance of SWCNT/PANI hybrid film with 30 s PANI deposition time is about 236 F g À1 , which is much larger than the pure SWCNT film (23.5 F g À1 ), indicating that the specific capacitance of SWCNT film was remarkably improved due to the pseudocapacitance contributed by PANI. Fig. 5e demonstrates that, when the PANI deposition time is shorter than 30 s, the specific capacitance of SWCNT/PANI hybrid film electrode is increased with the deposition time. However, when the PANI deposition time was longer than 30 s, the specific capacitance of SWCNT/ PANI hybrid film electrode is decreased with increases in the deposition time. As discussed above, with an increase in deposition time, the thickness of PANI layer is increased. So, specific capacitance of the SWCNT/PANI hybrid film is increased with an increase in PANI deposition time during the initial 30 s because increased PANI would provide more pseudocapacitance. However, when the deposition time was longer than 30 s, some pores of the SWCNT/PANI hybrid films were filled (Fig. 3) . As a result, the electrolyte cannot diffuse into the interior of the SWCNT/PANI hybrid film, leading to a low specific capacitance. This result is consistent with the CV analysis. ).
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Further electrochemical investigation was carried out for in depth understanding of the SWCNT/PANI hybrid film supercapacitor device performance. The impedance spectrum of the SWCNT/PANI hybrid film supercapacitor is shown as a Nyquist plot in Fig. 5f . In the high frequency domain, a small semi-circle is observed (bulk RC response), which can be attributed to contact impedance generated between the SWNTs and deposited PANI as well as electrolyte resistance within the pores of the composite material. 58 In the low frequency portion of the spectrum, the plot tends towards a vertical line where the imaginary part of impedance rapidly increases. This is characteristic of capacitive behavior, and representative of the ion diffusion in the electrode structure. 52 The knee frequency is usually used to evaluate the frequency dependence of a capacitor and considered to be the critical frequency where supercapacitors begin to exhibit capacitive behavior. In Fig. 5f , it can be seen that the knee frequency is 25 Hz, indicating that most of its stored energy is accessible at frequencies below 25 Hz for the SWCNT/PANI hybrid film supercapacitors.
In order to study the stability of SWCNT/PANI film supercapacitors, the as-prepared supercapacitor was examined by galvanostatic charge-discharge measurements for 1000 cycles under the same conditions, as shown in Fig. 5g . With an increase in the cycle number, the specific capacitance decreased, losing about 15% of the maximum capacity after 100 cycles, and then remained almost unchanged. Swelling and shrinkage of conducting polymers when used as electrodes is well known and may lead to degradation of the electrode during cycling. This could be overcome, to some extent, by the ''skeleton/skin'' structure of SWCNT/PANI hybrid films. The self-discharge (SDC) behaviour of supercapacitors is an important factor for energy retention.
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The SDC of the SWCNT/PANI hybrid film supercapacitor was measured and is shown in Fig. 5h . The supercapacitor undergoes a rapid SDC at the beginning, and then the SDC rate gradually becomes smaller and more stable. Wei et al. suggested that a divided potential driving (DPD) model can be used to fit the SDC behaviour of SWCNT-based supercapacitors. 60 The fitting to our measurements is satisfactory, as shown in Fig. 5h , indicating that the divided potential driving force plays an important role in the SDC process for as-prepared SWCNT/PANI hybrid film supercapacitors.
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Conclusion
Free-standing, ultrathin and flexible SWCNT/PANI hybrid films with unique continuous ''skeleton/skin'' structure were prepared by a simple in situ electrochemical polymerization method. In situ electrochemical polymerization realizes an effective deposition of PANI onto the surface of SWCNT bundles in the films and controls the morphology and microstructure of the SWCNT/PANI hybrid films, forming continuous and porous ''skeleton/skin'' architecture and offering a good compromise between pore density and the amount of PANI. Compared to the SWCNT/PANI composite films based on post-deposition SWCNT films, the thin hybrid films have high conductivity due to their unique continuous 'skeleton/skin' reticulate architecture. Furthermore, they can be bent, rolled up and even twisted without cracking. The high electrical conductivity and flexibility, in combination with the continuous porous structure, suggest that the free-standing SWCNT/ PANI hybrid films have significant potential as promising electrode materials for thin, lightweight and flexible energy storage devices with high performance. The electrochemical properties of the SWCNT/PANI hybrid film electrodes were modulated by controlling pore density, which was a key factor affecting the performance of as-assembled supercapacitors. Flexible supercapacitors were fabricated using thin free-standing SWCNT/PANI hybrid films as both electrodes and charge collectors without metallic current collectors, in which neither an insulating binder nor a low capacitance conducting additive is required. High energy and power densities (131 W h kg À1 and 62.5 kW kg
À1
, respectively) were achieved for the as-prepared flexible supercapacitors based on the optimized SWCNT/PANI hybrid films.
